The influence of the loading on the self-diffusion of 3-methylpentane within silicalite-1 has been studied with Positron Emission Profiling technique. A monotonous decrease in the self-diffusivities of alkane was observed with zeolite loading, which could be approximated by a stretched exponential. As a consequence, the apparent activation energy increases with partial pressure.
Introduction
For Sir John Thomas' 70th birthday. In appreciation of his great stimulation and support for the computational modeling and in situ study of zeolitic systems. His style cannot be matched! For several decades, many studies of the diffusive and adsorptive properties of alkanes in MFI-zeolites have been carried out [1] . These materials are of great interest in the petroleum industry as catalysts for hydrocarbon conversion processes. 3-Methylpentane is one of the main products of the hydroisomerization of n-hexane, an important reaction to upgrade the gasoline octane number. Diffusion of the reactant/product mixture might play a significant role in the selectivity of the catalytic process. In our previous study of the n-hexane/ isohexane mixture diffusion in silicalite [2] , it has been shown that the diffusion of both alkanes is controlled by the concentration of the slow component. Therefore, the concentration dependence of the diffusion coefficient, especially for bulky alkanes (as isohexane) is an important issue. Silicalite, which consists of straight and zigzag channels connected via intersections, was used as a model of the active zeolite matrix. This allsilica zeolite does not contain acid sites, which excludes any possible influence on the diffusion process [3] .
Nowadays, a number of techniques are available to study the diffusion of hydrocarbons in zeolites [1] . In this study, the Positron Emission Profiling technique (PEP) [4] was applied, which is based on the use of radio-labeled molecules to measure self-diffusion coefficients. Adsorption-kinetic techniques that use radiolabeled components for the purpose of quantitative phase analysis have been frequently described in the past [5] . PEP that is used here is a one-dimensional analog of Positron Emission computed Tomography (PET) that has been applied to the study of catalytic systems [6] . In principle, PEP is a technique capable of measuring the concentration profiles of radio-labeled molecules at different positions inside the reactor.
In the literature, there are five different phenomena mentioned that describe the concentration dependence of self-diffusion in the zeolites [7] : (1) the diffusivity decreases monotonically with occupancy; (2) the diffusivity is constant up to medium pore filling, and at high loadings, a decrease in the diffusivity can be observed; (3) at low concentration, the diffusivity monotonically increases and then has a constant value with further increase in the loading; (4) the diffusivity has a maximum at certain pore filling; and (5) the diffusion coefficient monotonically increases with the concentration. Usually, the concentration dependence of type-I is observed for saturated hydrocarbons in silicalite.
Frequency Response [8] and Square Wave [9] methods have been used to measure the decrease in the diffusivity for n-hexane in silicalite with loading, which is in agreement with the results obtained by Micke et al. from the sorption uptake kinetics [10] . The nhexane diffusivity in silicalite-1 reported therein is independent of concentration, but a linear concentration dependence was found for the self-diffusivity. For smaller alkanes like methane, ethane, and propane in silicalite NMR has shown the self-diffusivities to reduce with the concentration [11] . Kinetic Monte Carlo simulations performed by Coppens et al. [12] have also shown that in MFI-type zeolites, the self-diffusivity strongly depends on the loading and decreases several orders of magnitude as the occupancy of silicalite increases. Similar behavior was found for the selfdiffusion of linear and branched alkanes in various zeolites using MD simulations [13] .
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E-mail: a.koryabkina@TUE.NL Topics in Catalysis Vol. 24, Nos. 1-4, October 2003 (# 2003 In the past years, several theories have been developed, trying to derive an expression that would be able to predict and describe the concentration dependence of the diffusion in zeolites. In these theories, self-diffusion is assumed to proceed via the sequence of the activated jumps between the adsorption sites. One of the first predictions had been made in 1960 using mean-field theory [14] , according to which a linear decrease with the pore occupancy can be observed. The self-diffusivity would be proportional to the fraction of unoccupied adsorption sites 1 À , reflecting the probability that a neighbor adsorption site is free for the molecule to jump. Later, Monte Carlo simulations revealed deviations from this linear dependence [12, [15] [16] [17] , showing a stronger decrease in the self-diffusivity with pore occupancy for MFI-type zeolites. In these studies, the topology of this particular zeolite has been taken into account. Correlation effects were found to be more significant for the molecular diffusion in the poorly connected zeolite matrixes such as silicalite, so that the diffusion coefficient decreased faster with the zeolite loading [12] . A unified model based on the random walk/hopping mechanism has been offered by Chen and Yang [18] capable of describing both decreasing and increasing concentration dependencies.
In the present experimental study of the concentration influence on self-diffusion of 3-methylpentane in silicalite, we have tried to establish this dependence and analyze it with existing models. Factors influencing the apparent activation energy of diffusion have also been studied.
Experimental section

Experimental setup
The PEP technique is a radiochemical in situ method using þ -emitting isotopes. In our experiments, 11 Clabeled hydrocarbons are used. The 11 C isotope is produced via irradiation of a nitrogen target with 12 MeV protons from the 30 MeV AVF Cyclotron of the Eindhoven University of Technology.
The radio-labeled hydrocarbons (C 1 -C 6 alkanes) are produced from 11 CO and nonlabeled 1-pentene using a homologation reaction. Detailed information about this process can be found in the article of Cunningham et al. [19] . The hydrocarbon of interest (3-methylpentane) is separated from the reaction products using a chromatographic column.
During the experiments, a constant flow of nonlabeled hydrocarbon (3-methylpentane) in a carrier gas (hydrogen) was fed in a plug flow reactor containing the zeolite sample. The partial pressure of the alkane was set by varying the ratio between the alkane gas flow and hydrogen flow (with the total flow kept constant and equal to 150 NmL/min) using a Bronkhorst CEM system. Under zero partial pressure conditions, only the hydrogen as a carrier gas was fed into the reactor with the flow rate of 150 NmL/min. In order to measure the self-diffusivity of the alkane, a pulse containing approximately 10 À15 moles of the 11 C-labeled hydrocarbon of interest is injected in the flow passing through the reactor. The development of the pulse (change of the radio-labeled concentration profile in time) is monitored using a detection system based on the principal described below.
The radioactive nuclei of 11 C decay with a half-life of 20.4 min, emitting a positron. The annihilation of positrons with electrons from the surrounding matter results in the creation of pairs of -photons emitted in opposite directions. The position at which the annihilation takes place (which is the position of the radiolabeled molecule) is determined by coincident detection of the photon pair. In this way, the PEP technique is capable of monitoring the concentration of labeled molecules along the cylindrical axis of the reactor (figure 1) with a time resolution of 1 s and a spatial resolution of 3 mm. Each plot on figure 1 shows a changing concentration of radio-labeled alkane at a certain detection position in time. The bed length of the reactor was 30 mm, so 10 detection positions were involved. A widening of the concentration profile occurs when the pulse moves along the reactor bed. The asymmetric shape of the profiles indicates that intracrystalline diffusion is dominant. A detailed description of the detection system can be found in the work of Mangnus et al. [20] .
The isotherms of adsorption for 3-methylpentane in silicalite have been measured using a Balzers Quadrupole mass spectrometer system QMG-420 at 403-483 K. The silicalite sample was exposed to a hydrocarbon/ hydrogen stream until an equilibrium between the gas and adsorbed phase was reached, which was monitored using the mass spectrometer. The system was considered to be in equilibrium when the signals of the hydrogen and alkane masses were constant. After equilibration, the flow of the hydrocarbon was switched off, resulting in the desorption of the adsorbed species. The total 
